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List of agreements
The following agreements were made during RAN1#103-e meeting [0]:

Agreement
· Port selection codebook enhancements utilizing DL/UL reciprocity of angle and/or delay is supported in Rel-17.
Agreement
· Rel-17 CSI measurement and reporting for DL multi-TRP and/or multi-panel transmission shall be enhanced to support and enable more dynamic channel/interference hypotheses for NCJT.
Agreement
· Study following alternatives, and select one or a combination of multiple alternatives for Rel-17 in RAN1#104-e:
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Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, [at least for multi-DCI based and single-DCI based schemes (scheme 1a)], NZP CSI-RS resources for channel measurement are associated to different TRPs/TCI states at resource level 
· CMRs corresponding to different TRPs respectively shall be configured within the same resource set (i.e. scheme 1-2) and have the same number of ports among CMRs.
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Note that RAN1 shall strive to finalize NCJT CSI enhancement with single reporting setting firstly. 
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI

Working Assumption
For CSI measurement for multi-DCI based NCJT, down select one of following two options:
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s)
· Option 2 (Implicit): a single CSI reporting setting associated with each TRP where a NZP CSI-RS is configured for interference measurement from another TRP
· FFS: how interference from CMR in the linked reporting settings in option 1 or from the NZP CSI-RS configured as IMR in option 2 is considered in CQI calculation
Following restrictions apply to both options:
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Only ‘periodic’ and ‘semiPersistentOnPUCCH’ cases are supported;
· The number of ports of two CMRs associated to two reporting settings for NCJT CSI measurement are the same;
The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI.

In this contribution, we study some of the above agreements and provide our views on CSI enhancement based on FDD angle and delay reciprocity for Rel-17.

Codebook enhancements based on reciprocity of angle and/or delay
Analysis of codebook structures proposed for Rel-17
In this section, we discuss the five alternative codebook structures agreed during RAN1#103-e. They reflect, in a condensed way, the views of multiple companies for Rel-17 on the matter. 

· Alt0: Based on  or . 

Alt0 is contained in either Alt1, Alt2, or Alt3, Alt4, Alt5, respectively. 

· Alt1: Based on  and  with  to freely select  ports out of  CSI-RS ports, or  (dual-polarized) ports out of  (dual-polarized) CSI-RS ports, and whereas each column of  contains exactly one 1 and all other elements are 0’s. 

Alt1 corresponds to Type II Port Selection Codebook from Rel-15, except for the fact that the  CSI-RS ports can be selected freely.

· Alt2: Based on  and  with  ,  to freely select  bases out of  SD-FD bases, or  (dual-polarized) bases out of  (dual-polarized) SD-FD bases, and whereas each column of  contains exactly one 1 and all other elements are 0’s. 

Alt2 corresponds to Enhanced Type II Port Selection Codebook from Rel-16, except for the fact that  SD-FD bases can be selected freely. Moreover, Alt2 allows for signaled/pre-configured FD bases, as opposed to pre-defined FD bases. (Enhanced Type II PS would correspond to setting , signaling the SD bases , and pre-configuring the FD bases  as DFT vectors; the columns of  would then contain, for each layer, linear combining coefficients.) 

A point of interest is that since , the number of SD-FD bases, , is never smaller than the number of CSI-RS ports, . This may become rather costly, e.g., when a large number of SD-FD vectors are to be signaled; in this case, the signaling overhead increases by a factor  compared to Enhanced Type II PS. Ideally, the number of SD-FD bases, , should be no larger than the number of CSI-RS ports, , i.e., 

Observation 1. It is not clear why the constraint  is needed. It has not been explained why the number of SD-FD bases, , needs to be allowed larger than the number of CSI-RS ports, 


· Alt3: Based on  and  with  to freely select  ports out of  CSI-RS ports, or  (dual-polarized) ports out of  (dual-polarized) CSI-RS ports, and whereas each column of  contains exactly one 1 and all other elements are 0’s. The matrix  can be designed according to one among the following options:
· Alt3-0 (one SD-FD/SD base per port):  with  is a DFT-based compression matrix.
· Alt3-1 (multiple SD-FD bases per port):  with  is a DFT-based compression matrix selected by the UE from  pre-configured/pre-defined DFT vectors.
· Alt3-2 (multiple SD-FD/SD bases per port):  with selects  SD-FD bases, where each column of  contains one 1 and all other elements are 0´s.

Alt3-0, Alt3-1 correspond to Enhanced Type II Port Selection Codebook from Rel-16, except for the fact that the FD bases  can be signaled/pre-configured, instead of pre-specified. Moreover, in Alt3-1 several SD-FD bases can be map to one CSI-RS port. It is unclear in which way Alt3-2 is essentially different from Alt3-1.

· Alt4: Based on  and  with  to freely select  groups out of  port-groups, or  (dual-polarized) groups out of  (dual-polarized) port-groups, and whereas  CSI-RS ports in a resource are divided into  port-groups with  ports per group, and whereas each port-group corresponds to the same SD base. Furthermore, with  selects the same  ports across all port-groups and whereas each column of  contains exactly one 1 and all other elements are 0’s. 

When , Alt4 corresponds to Enhanced Type II Port Selection Codebook from Rel-16, except for the fact that the SD bases  can be selected freely. When , SD bases are selected in groups.

· Alt5: Based on  and  with , ,  to freely select  bases out of  bases, or  (dual-polarized) bases out of  (dual-polarized) bases, and whereas each column of  contains exactly one 1 and all other elements are 0’s. Furthermore, with  is a DFT-based compression matrix. 

When , Alt5 corresponds to Enhanced Type II Port Selection Codebook from Rel-16, except for the fact that the SD-FD bases  can be selected freely. In this case, the SD-FD basis are given by the Kronecker product . When , it is not clear how the frequency dependent part of the SD-FD bases  is to be combined with the SD bases .

Based on the above discussion, it is apparent that the main novelties in the above proposals compared to Rel-15 Type II PS and Rel-16 Enhanced Type II PS are the following:
· The introduction of joint SD-FD bases to be selected by the UE for DL transmissions, not necessarily having a Kronecker structure.
· The mechanism of conveying the said SD-FD bases using CSI-RS ports, especially, a many-to-one mapping of SD-FD bases to CSI-RS ports.
· The question of whether the said SD-FD bases shall be operated in such a way that only one polarization per base is to be reported or, as in legacy, whether the two polarization are always reported.

In the following subsections, we discuss each of the above points and provide our views.

On the introduction of SD-FD bases
SD-FD bases can be classified in two groups: those conforming to a Kronecker structure, and those that don´t.
· SD-FD bases conforming to a Kronecker structure. In this case, one can write 

,

with   and  Furthermore, the full structure of the codebook can be written in two different ways. Either as



for some matrix  of coefficients, where  is the number of layers; or as

 

for some matrix  of coefficients, which can be identified with Rel-16 Enhanced Type II Port Selection Codebook [2]. The two methods are equivalent in the sense that 

,

Where the operator  stacks up the columns of  into a long vector . Therefore, we conclude that SD-FD bases with Kronecker structure are already supported in the Rel-16 framework.

· SD-FD bases that don’t conform to a Kronecker structure. In this case, the SD-FD bases cannot be decomposed into SD and FD factors, and the SD-FD vectors need to be signaled/pre-configured/pre-specified jointly. At first blush, it appears that a lot can be gained by employing such SD-FD bases. For example, if a gNB learns that the UL channel is 

,

where  is the number of UE antennas/beams, then it can compute the SVD factorization 


of the wideband channel matrix  . If full reciprocity is assumed, the subspace spanned by the DL channel is given by the first  columns of . Therefore, the gNB only needs to transmit pilots aligned with  , and let the UE report the corresponding  complex coefficients. In FDD systems, however, only partial UL/DL reciprocity holds and, with distances between the UL and the DL ranging of tens, or even hundreds, of MHz, the subspaces spanned by the UL channel and the DL channel become rapidly misaligned. This can be seen in Figure 1, which, broadly speaking, represents the fraction of energy in the UL signal subspace that falls outside the DL signal subspace.[footnoteRef:2]  [2:  This way of thinking about the chordal distance is valid so long as the covariance matrices of UL/DL transmissions are well conditioned.] 
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[bookmark: _Ref61827021]Figure 1. Chordal distance between the UL and the DL signal subspaces for rank-1 and rank-2 transmissions. Essentially, the chordal distance between two subspaces represents the amount of energy of signals in one subspace that can be observed by the other one; see Appendix A for simulation details. 

Based on the above discussion, it is clear that first, SD-FD bases with a Kronecker structure are already supported by Rel-16; and second, further study is needed to show that non-Kronecker SD-FD bases can provide a significant performance advantage compared to Kronecker ones. We therefore make the following proposal.

Proposal 1. Non-Kronecker SD-FD bases shall be introduced in Rel-17 only if they are shown to offer a better tradeoff among UE complexity, performance and reporting overhead compared to Rel-16.

On the mapping of SD/SD-FD bases to CSI-RS ports
It has been suggested that to reduce the burden of the signaling of DL pilots, multiple SD-FD bases can be mapped to the same CSI-RS port. For example, according to Alt2, Alt3-1, Alt-3-2 and Alt5, companies should study “mechanisms for conveying SD-FD beamforming bases using CSI-RS ports.” In [3], it was suggested in RAN1#103-e that resources allocated to a CSI-RS ports shall be shared among, say,  SD-FD bases by, for example, FD multiplexing. This is illustrated in Figure 2.
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[bookmark: _Ref61815555]Figure 2. Mapping of two SD-FD bases onto one CSI-RS port by decimating the SD-FD bases and multiplexing onto the resources of the CSI-RS port in the frequency domain.

Other means of sharing among multiple SD/SD-FD bases the resources of a single CSI-RS port can be envisioned. However, the objection was raised by some companies that such methods do provide a true gain. In fact, it is not difficult to see from Figure 2 that the same effect can be obtained by reducing the density of the CSI-RS signals in the frequency domain, and interlacing them using alternate resource elements.

Observation 2. Mapping multiple SD-FD bases onto the same CSI-RS port by multiplexing in the frequency domain is equivalent to reducing the density of the CSI-RS in the frequency domain by the number of multiplexed SD-FD bases and, instead, multiplexing the CSI-RS ports of reduced density.

Reducing the density of CSI-RS pilots in the frequency domain can be expected to have a lower impact on the 3GPP standard. Therefore, before new mechanisms for mapping multiple SD-FD bases onto the same CSI-RS port are introduced, the advantages of such mechanisms shall be carefully studied. Hence, we make the following proposal.

Proposal 2. Study the feasibility of reducing the density of CSI-RS pilot in the frequency domain.

On polarization-common or polarization -specific SD/SD-FD bases selection
In discussions during RAN1#103-e [1], it was suggested that SD/SD-FD bases should be selected in a polarization-specific fashion. This is in contrast to polarization-common base selection, currently specified for Rel-15 and Rel-16. According to the polarization-common principle, for each spatial filter (or beam) used to transmit CSI-RS pilots, the gNB applies a first polarization on a first CSI-RS port, and a second orthogonal polarization on a second CSI-RS port. UEs are aware of the association between CSI-RS beams and polarizations, and feedback of both polarizations is reported for each selected CSI-RS beam. Polarization-common base selection has several advantages:
· First, UEs endowed with dual-polarized receivers can fully exploit the radio channel to extract polarization and/or diversity gains (i.e., for rank-1 transmissions), or polarization MIMO (i.e., for rank-2 transmissions) while using just a single set of receive filters. Notice that if the mapping between CSI-RS beams and their polarization is not known, the UE may need to use two different sets of receive filters to obtain the said gains, which leads, likely, to a larger power dissipation.
· Second, the reporting overhead can be reduced. This is because, when observed over a wideband channel, both polarization components tend to exhibit the same average power, even though at a particular frequency carrier on of the components may fade. Hence, it is likely that is one of the polarization components of a CSI-RS beam is observed, the other polarization component will also be observed. The mechanisms for selecting and reporting SD/SD-FD bases that currently exist in Rel-15 and Rel-16 provide a convenient mechanism for compactly reporting polarization-common bases.


Observation 3. When observed over a wideband channel, both polarization components of a CSI-RS beam are likely to be either strong or weak. Current Rel-15/Rel-15 mechanisms allow for compact polarization-common reporting.

Moreover, maintaining polarization-common base selection and reporting has a minimum impact of the current specifications. Based on the above discussion, we naturally make the following proposal.

Proposal 3. For minimum specification impact, maintain the polarization-common base selection and reporting mechanism of Rel-15/Rel-16. A polarization-specific mechanism should only be introduced if it can be shown that, at least for some scenarios of interest, it provides substantial advantage over polarization-common. 

On the advantages of supporting SD/SD-FD for MU-MIMO
A further remark is that some of the enhancements proposed during RAN1#103-e [1], angle and delay reciprocity is used such that the resulting CSI-RS bases are UE-specific. In other words, they are not readily suitable for multi-user (MU) MIMO. The problem with this approach is that, since the total number of bases vectors (and thus, of CSI-RS ports) is commensurate with the number of served UEs, the CSI-RS pilot and reporting overhead can become intolerably large, unless the number of bases vectors per UE can be kept down to just a few. 

Observation 4. When using UE-specific CSI-RS bases, the total amount of CSI-RS pilots and reporting overhead can become large, if several UEs are to be served.

Further proposed enhancements for Rel-17
In this section we put forth various proposals to obtain a better tradeoff among UE complexity, performance and reporting overhead, compared to Rel-16.

Further restrictions of SD and FD bases selection
From our above discussions, it appears that reciprocity of the UL and DL signal subspaces is not easily upheld. However, angles and delays of individual multipath components (MPCs) are, indeed, reciprocal. Thus, how can we extrapolate UL CSI to the DL? One way to achieve this is to apply restrictions on the SD and FD vectors that can be selected by the UE. 
[image: ][image: ]Figure 3 illustrates the case of restricting the set of eligible SD vectors. In this example, a gNB learns from UL SRS that signals arrive through only a few directions. Therefore, it makes sense in the DL to restrict the set of eligible CSI-RS ports to those aligned compatible with said directions. In the figure, the UE is only allowed to select from the set of eligible (hashed) CSI-RS ports. Since the number of choices by the UE has been reduced, less bits are needed to encode the DL CSI feedback reports.

[bookmark: _Ref61860796]Figure 3. Illustration of SD vectors restriction. Based on UL CSI (left), the gNB can restrict the set of DL SD beams eligible by the UE to those compatible with the UL CSI (right).

Proposal 4: Based on UL CSI, further restrict the set of CSI-RS ports eligible by the UE to those compatible with UL signal angles.

A similar proposal can be made for the DL. In this case, an FD sampling size parameter, , similar to the PS sampling size parameter , can be introduced. FD DFT vectors cannot longer be selected freely, but only groups  of FD vectors, with , , and where  is the number of FD vectors to be selected (similar to the SD parameter ). The parameter  can be set, e.g., such as to cover the delay spread of the channel. Moreover, for channels in which MPCs tend to be concentrated around a certain mean delay, as learnt from the UL CSI, the range of the parameter  can be further restricted. This is schematically illustrated in Figure 4.
[image: ]
[bookmark: _Ref61867527]Figure 4. illustration of the concentration of MPCs about certain directions (vertical axis) and delays (horizontal axis). If known from UL CSI, this information can be extrapolated to the DL, provided that the channel can be described by a handful of MPCs. In the example, the FD sampling size parameter  is set to 4, covering the delay spread of the channel. Moreover, it is sufficient for the UE to consider the FD DFT vectors associated with .

Notice that this method achieves the same effect as pre-shifting the CSI-RS in the delay domain and has the additional advantage that CSI-RS can be used in a MU-MIMO setting.

Proposal 5: Introduce an FD sampling size parameter . Based on UL CSI, further restrictions to  can be applied in order to limit the set of FD DFT vectors eligible by the UE.

Signaling of UE-side interference
In FDD systems, even if reciprocity of angles and delays between the UL and the DL holds, the covariance matrices of receiver noise at the gNB and the UE need not be reciprocal. In particular, if the covariance matrix of UE receiver noise is not known to the gNB, the CSI-RS codebook designed by the gNB may be significantly sub-optimal, thereby resulting in unnecessarily low realized spectral efficiencies. This is illustrated in Figure 5. The DL of UE 1 in cell 1 is interfered by gNB 2, in a neighboring cell. gNB 1 is, however, unaware of this. If SRS transmissions are used to assist the DL codebook selection of UE1, the selected codeword will not take inter-cell interference into account and might therefore be highly sub-optimal. 

Observation 5: In FDD, gNBs in neighboring cells can interfere the DL of a UE in the serving cell. This leads to non-reciprocal covariance matrices of noise in the UL and in the DL, which undermines the benefits of the DL/UL channel reciprocity assumption.
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[bookmark: _Ref54324893]Figure 5. In an FDD system, gNB 2 in a neighboring cell may interfere with the DL of UE 1. This inter-cell interference is unknown to gNB 1. Therefore, sub-optimal beam selection may result if gNB 1 performs SRS-assisted DL beam selection.

In order to overcome this problem, we propose that the UE signals to the gNB the covariance matrix of receiver noise, based on measurements of noise and interference at the UE. (Although measurements of interference in the DL can be scheduled (CSI-IM), such measurements typically focused on interference power and neglect the covariance of receiver noise and interference.)

Proposal 6: For FDD systems exploiting DL/UL channel reciprocity, the UE can signal to the gNB the DL covariance matrix of noise and interference. The ways of transferring this information from the UEs to the gNB need to be further studied and specified.

Mutual knowledge of beam-suppression
We note that enhancement of gNB aided UE based beam-suppression can be beneficial to enhance the performance of type II PS codebook, as well as to reduce power consumption at the UE. Below, we provide two examples to illustrate the benefits of such shared knowledge. 

Example 1. It is a common assumption of multi-user MIMO that a UE with multiple receive chains will attempt to mitigate interference from co-scheduled transmissions to other UEs, i.e., multi-user interference, e.g., by suppressing signals arriving through the  CSI-RS beams not selected by the UE. Suppression of undesired CSI-RS beams can be accomplished by standard receiver techniques, such as MMSE interference rejection combining (IRC), which work by striking a balance between interference suppression and reception of desired signal. Typically, the UE acquires the CSI required by MMSE-IRC from pilot signals transmitted on CSI-RS antenna ports allocated for type II PS codebook. In practice, however, a UE does not need to apply beam-suppression to all of the  non-selected beams, but only to those CSI-RS beams on which the gNB has actually co-scheduled transmissions to other UEs. By directing beam-suppression toward a reduced set of CSI-RS beams, rather than toward all the remaining  beams, more of the intended signal can be received by the UE. Moreover, since the UE is now targeting a potentially small set of beams, the UE may deactivate some of its antennas (and corresponding receive chains), thereby enabling power saving.

Observation 6: By directing beam-suppression toward a reduced set of CSI-RS beams, rather than toward all the remaining  beams, more of the intended signal can be received by the UE.

Observation 7: If the UE may target a potentially smaller set of beams to suppress, the UE may deactivate some of its receive chains, thereby enabling power saving.

Example 2. There are limitations to how many beams that can be efficiently suppressed by a UE. This, in turn, depends on the number of active receive-chains. It also influences the amount of resources (e.g., beams, power consumption) that the UE needs to spend on beam suppression. An indication from the gNB to the UE on which beams to suppress can simplify gNB beam allocation.

Observation 8: Mutual knowledge of UE beam-suppression can simplify gNB beam allocation.

It is worth noting that the signaling proposed in the examples is likely to consume less resources than other mechanisms that, in principle, could also be used to aid beam-suppression, such as the allocation of dedicated NZP CSI-RS resources for interference measurement. Measurements of interference would need to be done periodically. By contrast, the indications need only be sent, e.g., when there is a change in the CSI-RS beams scheduled for actual transmissions.

Proposal 7: Companies should study the feasibility of signaling to the UEs the set of CSI-RS beams actually used for co-scheduled transmissions. An indication from the UE to the gNB of those beams suppressed by the UE should also be studied.

[bookmark: _Hlk47387515]Conclusions

This document considered enhancements to Rel-17 in order to achieve a better tradeoff among UE complexity, performance and reporting overhead. The following observations and proposals have been made:

Observation 1. It is not clear why the constraint  is needed. It has not been explained why the number of SD-FD bases, , needs to be allowed larger than the number of CSI-RS ports, 
Observation 2. Mapping multiple SD-FD bases onto the same CSI-RS port by multiplexing in the frequency domain is equivalent to reducing the density of the CSI-RS in the frequency domain by the number of multiplexed SD-FD bases and, instead, multiplexing the CSI-RS ports of reduced density.
Observation 3. When observed over a wideband channel, both polarization components of a CSI-RS beam are likely to be either strong or weak. Current Rel-15/Rel-15 mechanisms allow for compact polarization-common reporting.
Observation 4. When using UE-specific CSI-RS bases, the total amount of CSI-RS pilots and reporting overhead can become large, if several UEs are to be served.
Observation 5: In FDD, gNBs in neighboring cells can interfere the DL of a UE in the serving cell. This leads to non-reciprocal covariance matrices of noise in the UL and in the DL, which undermines the benefits of the DL/UL channel reciprocity assumption.
Observation 6: By directing beam-suppression toward a reduced set of CSI-RS beams, rather than toward all the remaining  beams, more of the intended signal can be received by the UE.
Observation 7: If the UE may target a potentially smaller set of beams to suppress, the UE may deactivate some of its receive chains, thereby enabling power saving.
Observation 8: Mutual knowledge of UE beam-suppression can simplify gNB beam allocation.

Proposal 1. Non-Kronecker SD-FD bases shall be introduced in Rel-17 only if they are shown to offer a better tradeoff among UE complexity, performance and reporting overhead compared to Rel-16.
Proposal 2. Study the feasibility of reducing the density of CSI-RS pilot in the frequency domain.
Proposal 3. For minimum specification impact, maintain the polarization-common base selection and reporting mechanism of Rel-15/Rel-16. A polarization-specific mechanism should only be introduced if it can be shown that, at least for some scenarios of interest, it provides substantial advantage over polarization-common. 
Proposal 4: Based on UL CSI, further restrict the set of CSI-RS ports eligible by the UE to those compatible with UL signal angles.
Proposal 5: Introduce an FD sampling size parameter . Based on UL CSI, further restrictions to  can be applied in order to limit the set of FD DFT vectors eligible by the UE.
Proposal 6: For FDD systems exploiting DL/UL channel reciprocity, the UE can signal to the gNB the DL covariance matrix of noise and interference. The ways of transferring this information from the UEs to the gNB need to be further studied and specified.
Proposal 7: Companies should study the feasibility of signaling to the UEs the set of CSI-RS beams actually used for co-scheduled transmissions. An indication from the UE to the gNB of those beams suppressed by the UE should also be studied.
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[bookmark: _GoBack]Appendix
In this section we list the parameters used for the simulation results of Figure 1.

	Parameter
	Value

	Duplex, waveform
	FDD, OFDM

	Multiple access 
	OFDMA

	Scenario
	Urban Macro

	Frequency range
	FR1 only, 2GHz for UL and 2.2GHz for DL

	Inter-BS distance
	200m

	Antenna setup and port layout at gNB
	(8,4,2,1,1,2,4), (dH,dV) = (.5,.8) 

	Antenna setup and port layout at UEs
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (.5,.5)

	BS Tx power
	44 dBm

	BS antenna height
	25m

	UE antenna height & gain
	According to TR36.873

	Numerology
	14 OFDM symbol/slot, SCS 15KHz

	Simulation bandwidth
	20MHz

	Frame structure
	Slot Format 0 (all DL) for all slots

	MIMO scheme
	SU-/MU-MIMO 
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Alt 0 :  Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐   or     𝐖 = 𝐖 𝟏 𝐖 𝟐 𝐖 𝐟 𝐇 ,    𝐖 𝟏   can be an identity matrix  
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Alt 1 and  Alt 2 :   Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐 ,    study following detailed design of matrices   𝐖 𝟏 ,   at least for rank 1.      Alt 1:  𝐖 𝟏 ∈ ℕ   P CSI − RS × K 1 ( K 1 ≤   P CSI − RS )   is a port selection matrix  in order to freely select  K 1   ports  out of  P CSI − RS   CSI - RS ports or   K 1 2   ports out of   P CSI − RS 2   CSI - RS ports   (FFS polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”      Alt2 :  𝐖 𝟏 ∈ ℕ   P SD − FD × K 2 ( K 2 ≤   P SD − FD   =   O f P CSI − RS , , O f ≥ 1 )   is a SD - FD  basis  selection  matrix  in  order  to  freely  select    K 2   bases out of  P SD − FD   bases or   K 2 2   bases out of   P SD − FD 2   bases  (FFS  polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”   o   FFS the mechanism of conveying  SD - FD beamforming bases   using CSI - RS ports  
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Alt 3 , Alt 4 , and Alt5 :   Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐 𝐖 𝐟 𝐇 ,    study following detailed design of matrices    𝐖 𝟏   and    𝐖 𝐟   , at least for rank 1.      Alt3:  𝐖 𝟏 ∈ ℕ   P CSI − RS × K 1 ( K 1 ≤   P CSI − RS )   is a port selection matrix in order to freely select  K 1   ports  out of  P CSI − RS   CSI - RS ports or   K 1 2   ports out of  P CSI − RS 2   CSI - RS ports    (FFS polarization - common/specific selection)  whereas each column of   𝐖 𝟏   has only one element of “1 ”   o   Alt3 - 0 (one SD - FD /SD   pair per port): 𝐖 𝐟 ∈ C N 3 ×   M v (   M v   ≤ N 3 )   is a DFT based compression  matrix  (FFS: configured/indicated to the UE and/or selected/reported by the UE) ,  whereas  N 3   = N CQISubband *R and    𝐌 𝐯 ≥ 1 .    o   Alt3 - 1 (Multi - SD - FD  pairs per port): 𝐖 𝐟 ∈ C N 3 ×   M v (   M v ≤ N , N   ≤ N 3 )   is a DFT matrix  selected by the UE from N pre - configured/pre - defined DFT vectors ,  whereas  N 3   =  N CQISubband *R and    𝐌 𝐯 ≥ 1 .       FFS the mechanism of conveying  SD - FD beamforming bases   using CSI - RS ports      Note that    M v = N   is not excluded by gNB/codebook configuration.    o   Alt3 - 2  (Multi - SD - FD /SD   pairs per port):   𝐖 𝐟 ∈ ℕ K 3 × M ( M ≤ K 3 )   is a   selection matrix in  order to select M SD - FD basis whereas  each column of   𝐖 𝐟   has only one element of “1”,       FFS the mechanism of conveying SD - FD beamforming bases using CSI - RS ports      N ote that  𝐖 𝐟   can be an identity matrix  
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   Alt4 :  𝐖 𝟏 ∈ ℕ   P group × K 4   ( K 4   ≤   P group )   is a port - group selection  matrix   to  freely  select  K 4   groups  out of   P group   port group s or  K 4 / 2    groups  out of   P group / 2   port group s   (FFS polarization - common/specific selection)   whereas  P CSI − RS   CSI - RS ports in a resource are divided into  P group   group s   with  K 5   ports per group, and each port group corresponding to the same SD basis   o     𝐖 𝐟 ∈ ℕ K 5 × M ( M ≤ K 5 )   is  a  selection  matrix  to select the same M ports across all port groups  each column of   𝐖 𝐟   has only one element of “1” .       Alt5:  𝐖 𝟏 ∈ ℕ   P SD − FD × K 2 ( K 2 ≤   P SD − FD   =   O f P CSI − RS , , O f ≥ 1 )   is a SD - FD  basis  selection  matrix  in  order  to  freely  select    K 2   bases out of  P SD − FD   bases or   K 2 2   bases out of   P SD − FD 2   bases (FFS  polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”   o   𝐖 𝐟 ∈ C N 3 ×   M v (   M v ≤ N , N   ≤ N 3 )   is a DFT based compression matrix (FFS:  configured/indicated to the UE and/or selected/reported by the UE) ,  whereas  N 3   =  N CQISubband *R and    𝐌 𝐯 ≥ 1 .   o   FFS the mechanism of conveying SD - FD beamforming bases using CSI - RS ports  
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